Several previous studies have been reported to examine the association between Vitamin D receptor (VDR) gene Fok I polymorphism and susceptibility to prostate cancer (PCa), however the results remain inconclusive. To provide a relatively comprehensive account of the association, we searched PubMed, Embase, CNKI, and Wanfang for eligible studies and carry out this meta-analysis. A total of 27 case-control studies with 10,486 cases and 10,400 controls were included. In the overall analysis, Fok I polymorphism was not significantly associated with the susceptibility to PCa. Subgroup analyses showed that significantly association was existed in Caucasian population, the subgroup of population-based controls and the stratified group with advanced tumor.These results indicate that the VDR Fok I polymorphism might be capable of causing PCa susceptibility and could be a promising target to forecast the PCa risk for clinical practice. However further well-designed epidemiologic studies are needed to confirm this conclusion.
INTRODUCTION
Prostate cancer (PCa) is now thought to be one of the most commonly diagnosed malignant tumors in old men throughout the world, and the second cause of cancer in males. It accounted for approximately 233,000 (27%) new cases and 30,000 deaths in the United States in 2014 [1] . The global incidence of PCa has increased annually. The etiology of PCa is largely unknown. Several factors have been suggested to be strongly associated with the increased risk, including ethnic origin, family history, hormonal status, dietary structure and age [2] .
Low levels of vitamin D are considered to be a risk factor for PCa [3] . In vitro experiments suggested that vitamin D inhabits the growth and differentiation of prostate cancer cells, promotes cell apoptosis. It can also inhabit the invasion, metabolism and angiogenesis of tumor cell [3] . A clinical trial of PCa patients showed that calcitriol, analogue of vitamin D can significantly reduce the prostate specical antigen (PSA) level, and improve the patients survival rate [4] .
The anticancer effect of vitamin D is activated mainly through the vitamin D receptor (VDR) [5] . 1,25-Dihydroxy vitamin D3 (1,25(OH) 2 D 3 ), the active form of vitamin D, binds to VDR and form a heterodimer complex, which subsequently binds to the vitamin D response element and down-regulate the transcription of numerous genes that stimulating the cell growth and differentiation [6] .
Several single nucleotide polymorphisms (SNPs) of VDR gene were reported to be associated with risk of PCa [7] . Fok I variant (rs10735810) located in exon 2 of VDR gene is one of the most extensively studied SNPs [8] . It could result in a frame-shift mutation in the expression of VDR. It has been reported that f allele results in three amino acids longer VDR than the F allele, and extensive researches indicate that f allele is less effective than the F allele in transcription activity and transactivation of the 1,25(OH) 2 D 3 signal [8] . Recent studies have shown that Fok I polymorphism might accelerate the progression of PCa. However, the results are disputable and contradictory [9, 10] , as it might be underpowered for individual study.
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Therefore, we performed this meta-analysis to draw a more precise conclusion based on the published literature.
RESULTS

Characteristics of studies included in this metaanalysis
A total of 277 potentially relevant studies were identified following the searching strategy. 27 studies [2, 6, 7, 9, 10, were finally included in this meta-analysis according to the inclusion criteria (Figure 1 ). Publication years ranged from 1999 to 2015, the number of cases varied from 28 to 1,518, and the number of controls varied from 56 to 1,432 ( Table 1 ). The distribution of genotype frequency in the control groups was in accordance with the HWE for almost studies, except two studies [9, 15. in which source of controls was hospital-based. As a result, data for our meta-analysis were available from 27 studies with a total of 10,468 cases and 10,400 controls. The eligible studies were assessed by the NOS. Each of the studies scored morethan 4, which suggested that all of them are of high quality researches (Table 1) .
Meta-analysis results
The results of overall analysis are showed in Table 2 and Figure 2 . The pooled results indicated that Fok I polymorphism is not associated with the PCa risk in the overall populations (ff vs. FF: OR=1.07, 95%CI=0. Figure 2 ). However, when 11 studies conducted in Asian populations and 2 studies in African populations were analyzed, no significant associations were found between Fok I polymorphism and the susceptibility to PCa ( Figure 3 ). Meanwhile, no significantly increased risk was observed in the subgroups of hospitalbased or BPH controls (Table 4 ). In the stratified analysis by genotyping method, there was no significant association in different subgroups, which were stratified into TaqMan, PCR-RFLP, SNPlex and other subgroups. As showed in Table 5 , the pooled outcome showed that the genotyping methods reported in the included studies are both effective and applicative. Among the 27 studies included in our meta-analysis, there were two studies that deviated from HWE in the controls [9] , we conducted a subgroup analysis. When the 2 studies excluded, another result obtained, which is similar to the overall analysis (The result was not given).
A subgroup analysis based on the tumor stages was also conducted to delineate the association in more detail. As presented in Table 6 and Figure 4 , the pooled results from 6 studies showed that Fok I polymorphism is associated with the advanced tumor in homozygote model (ff vs. FF: OR=1.210, 95%CI=1.020-1.437, p=0.029) and allele-frequency genetic model (f vs. F allele: OR=1.085, 95%CI=1.000-1.178, p=0.05). Meanwhile, no significant difference in the genetic variants was detected between localized tumor cases or controls.
Heterogeneity
There was no significant between-study heterogeneity in all the comparison models in the overall analysis ( (Table 2) . Thus, fixed-effects estimates would be more appropriate for data analysis.
Publication bias and sensitivity analysis
The publication bias of literature assessed with both funnel plots and Egger's test. As shown in Figure  5 , it did not reveal any obvious asymmetry in the funnel plots ( Figure 5 ). Moreover, the Egger's test which was used to provide statistical evidence of publication bias suggested that no evidence of publication bias existed in the overall analysis (p=0.118 for ff vs. FF; p=0.866 for Ff vs. FF; p=0.322 for Ff/ff vs. FF; p=0.138 for ff vs. FF/ Ff; and p=0.101 for f vs. F allele) ( Table 2 ) and almost the subgroup analyses (Table 3-6). Sensitivity analyses showed that omitting individual study from all the analyses did not affect the pooled ORs significantly, no substantial change was detected, indicating that our results were statistically robust ( Figure 6 ).
DISCUSSION
The VDR gene has earned special attention because an increasing number of studies have revealed that polymorphisms of the VDR gene were associated with the risk of PCa [33] . However, the results across studies have been equivocal [34, 35, 36] [34, 37, 44] . Our study included 10,468 cases and 10,400 controls from 27 independent studies, which is much more than the former three studies. Therefore, the results we obtained might be more stringent and comprehensive.
Our meta-analysis indicated the relationship of VDR gene Fok I polymorphism with the PCa risk is not existed in overall population. It is consistent with the results of previous meta-analyses [34, 37, 44] . But for the subgroup analysis of ethnicity, significant association was found in Caucasians. It is not reported by previous meta-analyses [34, 37, 44] . It suggests that in individuals of Caucasian ethnicity but not of Asians or Africans, the FF genotype and F allele might be protective. Ethnicity is one of the most important biological factors that might influence the function of VDR through gene-gene interaction [38] . The difference might be caused by the discrepancies in racial backgrounds and geography [40] . Besides, different diet structure could play a role in the discrepancies [41] . Our results suggested that the Fok I polymorphism could be a potential biomarker to forecast the PCa risk of Caucasians for clinical practice. Further studies of Asian and African are required. 
Comparison Studies
Overall For the source of controls, borderline significant association was found in population-based controls. Possibly some sick population were enrolled in the groups of hospitalbased controls and HBP controls, so that these groups could not represent all population [42] . Hence, the results of these groups would be lack of credibility. Our results showed that no difference between the genotyping methods. It suggested that all the genotyping methods applied in the included studies are appropriate to get accurate genotype distribution. As a research reported in 2004, polymorphism would be associated with the tumor stage of PCa [43] . We also performed a stratified analysis by tumor stage. Differently from the previous meta-analyses [44, 45] , we found that in the subgroup of advanced tumor stage, ff genotype and f allele might increase the PCa risk. It indicating that Fok I polymorphism could indeed be a risk factor associated with PCa progression.
The heterogeneity between the studies was very low in the overall analysis. It suggested that the results from these studies were suitable to be pooled [46] . Although evidence of heterogeneity existed in some subgroup analyses, the sensitivity analysis indicated that studies contribute to the heterogeneity did not significantly alter the pooled results. It suggested our results were statistically robust.
Several limitations in our meta-analysis should be acknowledged. First, several studies with small sample size included in our analysis might be underpowered to detect the relationship. Second, our results were according to the unadjusted parameters, a more accurate analysis should be performed, in which the outcomes would be adjusted by some related parameters, including age, dietary status, and other important lifestyle factors.
In conclusion, our meta-analysis might be the largest meta-analysis to estimate the association of VDR gene Fok I polymorphism with the risk of PCa. Although no significantly association of Fok I polymorphism with PCa risk was found in overall population, the possibility of an association in specific subpopulations such as Caucasians and the advanced tumor patients could not be ruled out. In the future, large and well-designed studies are required to illustrate the interactions of VDR genetic variants including Fok I polymorphism, environmental factors, life style and PCa. 
MATERIALS AND METHODS
Literature and search strategy
The PubMed, Embase, Wanfang and Chinese National Knowledge Infrastructure (CNKI) database searches were conducted for all the eligible papers. The following search terms were used: "VDR/vitamin D receptor" and "prostate cancer/tumor/carcinoma". Manually searching for the additional studies was conducted according to the references of the original and review reports. The literature search was updated on February, 2016.
Study selection
Retrieved studies screened should meet the following criteria: (i) studies on human beings; (ii) in a case-control or nested case-control design; (iii) investigated the association between VDR gene Fok I polymorphism and PCa risk; (iv) detailed genotype distribution frequency of cases and controls could be obtained or calculated; (v) and received more than four points in the Newcastle-Ottawa Scale (NOS), which was considered to be high quality.
Data extraction
The studies meeting the inclusion criteria were read carefully by two investigators independently (Yansheng Zhao and Lei Wang). The following information was extracted for reaching consensus on all of the items: the first author's name, year of publication, country of origin, ethnicity of study population, genotyping methods, source of controls, and number of cases and controls. The subjects were categorized as Asians, African and Caucasians for ethnicity; TaqMan, PCR-RFLP, SNPlex and other subgroup for genotyping method; populationbased, hospital-based and Benign Prostate Hyperplasia (BPH) for the source of controls, respectively. We also divided the clinical stages into a localized group and an advanced group. Any disagreements were resolved by a third reviewer (Geng Zhao).
Statistical analysis
A χ 2 -test based on the Q statistic was conducted to assess the heterogeneity. The between-study heterogeneity was considered to be significant when I 2 >50% and p<0.1, and the random effects model was chosen to combine values from studies [11] . Otherwise, for homogeneous studies, the fixed effects model was used. The pooled odds ratios (ORs) together with its 95% confidence intervals (95% CIs) were calculated to evaluate the risk. In addition, subgroup analyses were conducted based on ethnicity, genotyping method, source of controls and clinic stages. Sensitivity analysis was performed to assess the stability of pooled results. Begg's Funnel plot and Egger's test were preformed to assess the potential publication bias. Moreover, Hardy-Weinberg equilibrium (HWE) of controls was reexamined by us with the goodness-of-fit χ
